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[Title of the Invention] 

A Conductive Spring of a Copper Alloy 

[Abstract] 

[Objectives] This invention provides a conductive spring of a copper alloy, 
excellent in mechanical properties, conductivity, stress-relaxation property, 
and bendability. 

[Solution] The spring is formed of a conductive copper alloy containing, 
as major components, Ni at an amount of 1.0 to 3.5wt%, Si at an amount of 
0.2 to 0.9wt%, Mg at an amount of 0.01 to 0.20wt%, Sn at an amount of 0.05 
to 1.5wt%, S and O, each being restricted to contain at an amount less than 
0.005wt%, and Cu and inevitable impurities of the rest, in which the crystal 
particle size is more than 1 ja m and less than 25 \x m. The spring is 
appropriate for a terminal, connector material and switch material. 

[Claim l] A conductive spring formed by reduction processing of a 

copper alloy comprising, as major components, Ni at an amount of 1.0 to 
3.5wt%, Si at an amount of 0.2 to 0.9wt%, Mg at an amount of 0.01 to 
0.20wt%, Sn at an amount of 0.05 to 1.5wt%, S and O, each being restricted 
to contain at an amount less than 0.005wt%, and Cu and inevitable 
impurities of the rest, in which the crystal particle size is more than 1 1± m 
and less than 25 ii m. 
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i«»£t/TNitl. 0~3. 5wt 
Si%0. 2~0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn^O. 05-1. 5wt%t*, 

s , o^wa^t^n o . o o 5 w t %jmticmm 
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1 

immmmmmmomm] 

CBI#«1] &&fttl,XN i £1 . 0-3. 5wt 

Si£0. 2 — 0. 9wt%, Mg^O. 01 — 
0. 20wt°/o, Sn£0. 05-1. 5wt%^ 

s , o^wfi£^n-en o . o o 5 w t 

m^m2] M5}iltNi^l. 0-3. 5wt 
%. Si£0. 2-0. 9wt%, Mg^O, 01- 10 
0. 20wt%, Sn£0. 05-1. 5wt%, Zn 

£o. 2 — i. 5wt%t^ s, o^gs£^n-en 

0 . 0 0 5 w t %*«K3HM U ^Cu nJMlft 
^Wtt^'&ttO. ^©i^tSK^l ym^25/im 

[IS^3] S^ibtNi^l. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn£0. 05—1. 5wt%^ 

s , omi^: -en-en o . o o 5 w t %*j»c$ijpk 

U §e^C0. 0 0 5-0. 3wt°/oAg, 0. 01- 20 
0. 5wt%Mn, ftiftiO. 00 5-0. 2wt% 
©Fe, Cr, 0. 05 — 2. Owt%Co, 0. 00 

5-o. i w t%p<D^6ii«nias/c«2a«± 

***jrCQ. 005wt%-2. Owt°m SSRC 

u jRv^mm^mmfr 6 a o s tcom^m^ l a m 

£Mx.2 5 /iiB«T^C4>^^#r^U^mi4^ 

[i»3fcE4] ^ibtNi^l. 0-3. 5wt 

Si^O. 2-0. 9wt% 4 Mg^rO. 01- 
0. 20wt%, Sn^O. 05-1. 5wt%. Zn 30 
£0. 2—1. 5wt%g^ S, O^Wfi^ft^ft 
0. 0 0 5 w t %*ViltC©JKU 2<E>SC0. 0 0 5 — 
0. 3wt%Ag, 0. 01—0. 5wt%Mn, ^ft 
-eno. 0 0 5-0. 2wt%©Fe, Cr, 0. 05 
— 2. Owt%(DCo, 0. 0 0 5 — 0. lwt%©P 
cO^^^jiKn liS/c«21W±?:iltO. 00 5 

w t 2 . owt %^#. sac u RV^ajmt&T-m 

tlS*3B5 3 ^ibtNi^l. 0-3. 5wt 40 
% s Si5:0. 2-0. 9wt°/o, Mg£0. 01- 
0. 20wt«/Sn*0. 05-1. 5wt°/o^ 

s, oMMfti^no. o o 5w t%mmcmm 

U S^^CO. 0 0 5-0. lwt%Pb, 0. 005 
-0. O3wtBi0 1i^/dJ2i^irO. 0 0 

5-0. 1 3w tx*#. sacuso'^pjieww^ 

[lt^6] M^iltNi?:l. 0-3. 5wt 
S i £0. 2 — 0. 9 w t Mg^O. 01- 50 
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0. 20wt%, Sn£0. 05-1. 5wt% v Zn 
£0. 2-1. 5wt%^ S, OMl^r^nftl 
0. 00 5wt%*»t$fJRgU 26&C0. 00 5- 
0. lwtKPb. 0. 0 0 5 — 0. 03wtBi(Dl 
IJ/di21?:iitO, 0 0 5-0. 1 3wt%^ 

sacus^Driiw^^^^o, ^©jgnte 

im^mi) ^iltNi^l. 0-3. 5wt 

Si£0. 2 — 0. 9wt% 4 Mg^O. 01- 
0. 20wt% t Sn^O. 05-1. 5wt%^ t 

s, o^r*£^n-eno. o o 5w t%*^c*ijRg 

36CC0. 005-0. 3wt%Ag, 0. 01 — 
0. 5wt%Mn, ^n-etlO. 0 0 5-0. 2wt% 
CDFe, Cr, 0. 05-2. Owt%Co, 0. 00 

5-0. i w \%p<D^frhm\*ft\m&tcte2imx 

±. RZfO. 005 — 0. lwt%Pb v 0. 005 — 
0. 0 3wtBi(Dia^/di2i^rO. 00 5 

wt%-2. owt%^ m^cuR^^mm^m 

[ffll*«8] iffi^cbltNi^l. 0-3. 5wt 
%. Si£0. 2 — 0. 9wt% Mgr£0. 01 — 
0. 20wt%, Sn£0. 05-1. 5wt%, Zn 

£0. 2-1. 5wt%t^ s v o^Wfi£-e n-en 

0. 00 5wt%*S5C$IJ|5gL, 26CC0. 0 0 5 — 
0. 3wt%Ag, 0. 01-0. 5wt%Mn, -en 
^no. 0 05-0. 2wt%CDFe v Cr v 0. 05 
— 2. Owt%Co v 0. 00 5-0. lwt%P6Dcj3 
^6il«nia^/c^2«J^±, &O*0. 0 0 5-0. 
lwtKPb. 0. 0 05 — 0. 03wtBi<£)ia£ 
/di2i«ItO. 005wt%-2. Owt%t 

[IB*^9] .SSi^il/tNi^l. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg*0. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%^ 

s, o^rs^n-eno . ooswt %5tm( / cmm 

[If^JIlO] i^iltNi^rl. 0-3. 5w 
t%, Si^rO. 2 — 0. 9wt%, Mg*0. 01 — 
0. 20wt%, Sn^rO. 05-1. 5wt%, Zn 

*o. 2-i. 5wt%^, s, o^i*en^n 
o. oo 5wt%*®cwi, sacuso^pjisw 

^<D*£S&S#1 Mm?:M25am 



3 

h c t -r *SMB4tf fa**. 

[|f5jcJill] iffi^iltNitl. 0-3. 5w 
S i*0. 2-0. 9wt%, Mg^O. 01- 
0. 2.0wt%, Sn£0. 05—1. 5wt%^ 
S, OMM^fnO. 0 0 5wt%*WII 
U £6fc0. 00 5-0. 3wt%Ag 4 0. 01- 
0. 5wt%Mn, ftl-eno. 00 5-0. 2wt% 
CDFe, Cr, 0. 05-2. 0 w t %C o , 0. 00 
5-0. 1 wt%P©cfJ^6a«ni l*fc»2t«± 
4141^0. 0 0 5wt%-2. Owt%^, glSPC 
u RuqciftKn^tt** 6 t) , *©ISffittfltW 1 a m 

[»*112] i^iUNi^L 0-3. 5w 
t%, Si£0. 2-0. 9wt%, Mg^rO. 01- 
0. 20wt%, Sn^O. 05—1. 5wt%, Zn 
*0. 2-1. 5wt%^ S, o^Wfi^^n^n 
0. 00 5wt%*S«lML,, £*>&C0. 0 0 5 — 
0. 3wt%Ag, 0. 01—0. 5wt%Mn, ^tl 
ttlO. 0 0 5 — 0. 2wt%©Fe, Cr, 0. 05 
-2. Owt°/oCDCo, 0. 0 0 5 — 0. lwt%CDP 
O^6il«ni«*^«2aJW±«:"*8fi^C0. 005 
wt%-2. Owtm 3S8PC u SO^WiSW^tt 
» 6 ft 0 . *CD»SSeS3^ 1 *i m^ix. 25/i mt(T 

m^mi3] Sffi^tltN i*l. 0-3. 5w 
t%, Si£0. 2-0. 9wt% k Mg£0. 01- 
0. 20wt% Sn^O. 05—1. 5wt%^ 
S , 0#W**-€-tt^*i 0 . 0 0 5 w t %5fej»c»||B 
U 36CC0. 00 5 — 0. lwt%Pb. 0. 005 
— 0. 0 3 w t B i ©lSJ/di2i^ftO. 0 0 

5-0. 1 3w t%&& % m^cuRa^jMt^^mm 

[»*3S14] i^tUtNi*l. 0-3. 5w 
t%, Si£0. 2-0. 9wt%, Mg£0. 01- 
0. 20wt%, Sn£0. 05—1. 5wt%, Zn 

*o. 2-i. 5wt%^ s. oswi^-enfti 
o. oo 5wt%*j«tcftijKRu se>cco. o os- 
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0. lwt°/oPb, 0. 0 05-0. 03wtBiOl 

m£tcte2m$:mMx?o. 005—0. 1 3 w t %^ 

[M*S15] ifiS»iLTNi*l. 0-3. 5w 
t%, Si£0. 2 — 0. 9wt%, Mg^O. Ol- 
io 0. 20wt% 4 Sn£0. 05 — 1. 5wt%^, 

s, o^*»**n-e.no. oo5wt%«w 

0, £6CC0. 00 5 — 0. 3wt%Ag, 0. 01 — 
0. 5wt°/oMn, -eft^ftO. 00 5 — 0. 2wt% 
CDFe, Cr, 0. 05 — 2. 0wt%Co v 0. 00 
5-0. 1 w t %P(D**e>itth 1 t*fett2 1H 
±, MO. 005 — 0. lwt%Pb v 0. 0 0 5 — 
0. 03wtBi<DllSWi21*»lrO. 00 5 
wt%-2. Owtm, 3SWCuR^pJi8W^*B 
0 . *Qtt&ti&ifi 1 u m£M* 2 5m mJHT 

[|f^Xil6] M^iUNi^l. 0-3. 5w 
t%> Si£0. 2 — 0. 9wt%, Mg£0. 01 — 
0. 20wt%, Sn^O. 05 — 1. 5wt% Zn 

£0. 2-i. 5wt%g^ s, oaws***veft 

0. 0 0 5 wt%*i»KiMIRU S6>CC0. 0 0 5- 
0. 3wt%Agr, 0. 0 1—0. 5wt%Mn, -en 
-eno. 0 05-0. 2wt%cDFe > Cr, 0. 05 
30 —2. Owt%Co, 0. 0 0 5 — 0. lwt%P<D*p 
*6>a«til«*fctt2«tLb. SCfO. 0 05-0. 
lwt%Pb, 0. 0 05 — 0. 0 3wtBi<Dlffig 
/dJ2i^HlrO. 0 0 5wt%-2. Owt%g 

1 am^ii2 5 /zmetTtt^i^tMl/c: 

40 [Hi] *«3eas«©jc^»©«»«rBi?8-r*ia. 

l 

2 S£ 

3 mmm 

4 » * 
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[#mtiE»] 

[»WH] 5^1^140 (2 0 0 3. 1.1 

4) 

[^MffilE 1 ] 

iffijEMmwmz] wmw 

[WEJSrffi] SOE 
[ffiiIEi*JS] 

[ fB^SSIVSttUfa. 

[«KE*f*«H«] ?8*ffl§ 
[»IE*f»ia«] ^ffl«f*S»IS*cD«H 

[HiErtff] 

i«jJiltNitl. 0-3. 5wt 
Si£0. 2-0. 9wt°/o, Mg^O. 01- 
0. 20wt%, Sn£0. 05—1. 5wt%^ t 
S, OSWSfc-ttl^tlO. 0 0 5 w t %*«iC$IJRg 

[18*312] i^iLTNi^l, 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg£0. 01- 
0. 20wt%, Sn£0. 05 — 1. 5wt%. Zn 

£ 0. 3-1. o wt%^ s v o^mmz^ti^ti 

0 . 0 0 5 w t %*jSSf.C*IJRB L , SISBC u SO^FoJiSW 
^RK«I*>€>6:9, ^(DJBSSS^l Mm«rS^2 5/im 

[19*313] M^iltNi41. 0-3. 5wt 
%. S i £0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%^ 

s, o^wfi^-eti^no. o b 5 w t %*sicc$ije 



U 005-0. 3wt%Ag, 0. 01- 

0. 5wt%Mn, ^n-etlO. 00 5-0. 2wt% 
<DFe. Cr, 0. 05 — 2. Owt%Co, 0. 00 

5-0. i w t %p©W6a«ni i*wi2iet± 

£J£SrO. 0 05wt%— 2. Owt%M, SSPC 
u Roq^ pJi885^RI««J^ e»«cO. *©*SS1fifl»* 1 m m 

[|f*^4] IZJ&fttlsXN i *1. 0-3. 5wt 

Si^O. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn£0. 05 — 1. 5wt% v Zn 

% o. 3—i. o wt%a^ s, o^ra^-en-en 

0. 00 5wt%*l{C»l, £6&C0. 0 0 5 — 
0. 3wt%Ag v 0. 0 1-0. 5wt%Mn, ^tx 
^nO. 0 0 5—0. 2wt%<DFe, Cr, 0. 05 
-2. Owt%©Co, 0. 00 5-0. lwt°/oOP 

©*^6a«ni«*3fc»2«fci±*iairo. 005 

0 . toea«kK^ 1 // mSrffl* 2 5a mfcJT 

[M*315] ifiJ^iUtNiil. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mgf£0. 01- 
0. 20wt%, Sn£0. 05 — 1. 5wt°/ot^ 

s, oMM^nfno. o o 5 w t %*«cc#uffi 

L/v 2*E>CC0. 00 5-0. lwt%Pb, 0. 005 
-0. 0 3wt%Bi(DliJ/di2i^ItO. 0 

05-0. i 3 w t m&c u Rv^vimm^m 

*) s *<D*SffittK# 1 /i m^Sx 2 5m mfeTF 

[i»#16] iiS»iltNitl. 0-3. 5wt 
%. Si^O. 2-0. 9wt%. Mg£0. 01- 
0. 20wt% Sn^rO. 05-1. 5wt%, Zn 
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g o. 3-1. o wt%^ s, oMi^-en-en 

0. 0 0 5 w t %*$tCC*IJRgU 3 6&C0. 0 0 5 — 
0. lwi%Pb, 0. 0 0 5 — 0. 03wt%Bi(D 
li^/c«21^ilt0. 0 0 5-0. 1 3wt%§ 

[1**^7] i^iLTNi^l. 0-3. 5wt 
%, SigO. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, SngO. 0.5 — 1. 5wt%S*, 

s, os^rmg^n^no. oo5wt%*wii 

U £6GtO. 0 0 5-0. 3wt%Ag, 0. 01- 
0. 5wt%Mn, ^JveftO. 00 5-0. 2wt% 
CDFe, Cr, 0. 05 — 2. Owt%Co, 0. 00 
5-0. 1 wt%P04i^6a«ni«SS/ctt2«« 
_L, MO. 005-0. lwt%Pb, 0. 005- 
0. 0 3w t%B i CD 1 «£fcfc£ 2«^1T0. 0 0 
5wt%-2. Owt%^ aSPCuS^^IiKW^ 
Wfatift *<Ol&B3$Lfflfi 1 m m 2 5/imH 

[»*S8] i^»iltNi41, 0-3. 5wt 

SigO. 2 — 0. 9wt%, Mg^rO. 01- 
0. 2 0wt% SngO. 05—1. 5wt% v Zn 
^ 0. 3-1. Q wt%t^ S. OMl^fWn 

o. o o 5 wt %*s«cfMKu ^e>cco. 005- 

0. 3wt%Agr, 0. 01-0. 5wt%Mn, -eft 
fno. 005—0. 2wt%<DFe, Cr, 0. 05 
— 2. Owt^Co, 0. 00 5 — 0. lwt^P^cf 3 
*6iB«til«*ft:«2«tLb, MO. 0 0 5-0. 
lwt%Pb, 0. 005-0. 0 3wt%Bi<Dl« 
S/c«2i?:lglt0. 0 0 5wt%-2. Owt%S 

[«#3S9] i^iltNi^l. 0-3. 5wt 

SigO. 2-0. 9wt% 4 MggO. 01- 
0. 20wt%, SngO. 05-1. 5wt%^ 4 

s, o$*»%*n-eno. oo5wt°/o*wi 

/umgfiA2 5 umHTt»4«6#*i^I 
SitttKfa. 

[»«B10] i^tltNi^l. 0-3. 5w 
t%, SigO. 2-0. 9wt%. MggO. 01- 
0. 20wt%, SngO. 05-1. 5wt% t Zn 
g O. 3-1. O wt%^ S, oMi^rfn^n 

o. o o 5 w t %*«ccsijieu m^cuRu^ojmm 



[iiNcJRll] 3£fiS»iUTN i *1. 0-3. 5w 
t%, SigO. 2-0. 9wt%, MggO. 01- 
0. 20wt% v SngO. 05-1. 5 w t 

s, o-^wsg-eft^fto. oo5wt%*iw« 

U 36CC0. 00 5-0. 3wt%Ag, 0. 01 — 
0. 5wt%Mn, -eft^ftO. OOS-O. 2wt% 
CDFe, Cr, 0. 05 — 2. Owt%Co, 0. 00 

5-0. i w t%p<Dtp&hm\itiim£tc\*2myi± 
gjf&jreo. oo5wt%-2. owt°/ot^ Msec 

u ROT pJiSW^Mf?^ 6 & 0 , 1 m m 

g^x.2 5 /zm^Tr^^^^ gjE^anxurff ^u 

[fS*S12] i^iltNi^l. 0-3. 5w 
t% v SigO. 2 — 0. 9wt%, MggO. 01- 
0. 20wt%, SngO. 05 — 1. 5wt% Zn 

g o. 3-1. o wt%^ s v o^Wfig^ft^ft 

0. 0 0 5 w t %*«CC*!IIEU 3 6CC0. 0 0 5- 
0. 3wt°/oAg, 0. 01—0. 5wt%Mn. -eft 
-ettO. 0 05—0. 2wt%CDFe, Cr, 0. 05 
— 2. Owt%OCo s 0. 0 0 5 — 0. lwt%0DP 
1 1* «i21K±*»8lrO. 00 5 
wt%-2. Owtm SSCuSWnJ2^l« 

m^ci g#m ^ -r s ^mtttf^o 

[»3R«13] i^iUNi^l. 0-3. 5w 
t%, SigO. 2-0. 9wt%, MggO. 01- 
0. 20wt%, SngO. 05 — 1. 5wt%g^ 

s, o^w«g^-n^no. o o 5 w t %*j«cc*!iiE 

U £6&C0. 00 5-0. lwt^Pb, 0. 005 
-0. 0 3 w t %B i 01 ffi£/tte:2«gfefir0. 0 
0 5-0. 1 3 w t ^SPC u Rtf^iiAWW 

m&htji o % *©jeaas3&s i u m^iA 2 5 ^ m^r 
w*sci g#© &-r&»«tttffa, 

[»*JH14] EEJS^i L/T N i g 1 . 0-3. 5w 
t%, SigO. 2-0. 9wt%, MggO. 01- 
0. 20wt%, SngO. 05-1. 5wt%, Zn 

g o. 3-i. o wtm s, oMt^-ewn 

0. 0 0 5 w t%*«^C*fJ(IgL, 56CC0. 00 5- 
0. lwt%Pb, 0. 005-0. 03wt%BiCD 

ii*wj2a*aaro. 005-0. 1 3 w 
^c u Rv^mm*mwfr e ^ 0 , *©isai4 
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[8*3»S15] 4H»4 0tNitl. 0-3. 5w 
t%, Si£0. 2 — 0. 9wt%, Mg40. 01- 
0. 20wt%. Sn£0. 05-1. 5wt%t^ 
S, O^Wfi^r^fl-enO. 0 0 5wt%»cW 
L/, S6&C0. 00 5 — 0. 3wt%Ag, 0. 01- 

o. 5wt%Mn, -en-eno. 005-0. 2wt% 

<DF e „ Cr, 0. 05 — 2. Owt%Co 4 0. 00 
5-0. 1 w t °/o P (D* ^ e>I«ti 1 /c« 2 
±, SCKO. 0 05 — 0. lwt%Pb, 0. 0 05- 
0. 0 3 w t % B i (D 1 i$fc«2«^I-eO . 0 0 

5wt%-2. owtm aacuav^iiBw^ 



[I»*ai6] ijS»tltNi41. 0-3. 5w 
t%, Si^O. 2 — 0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn£0. 05—1. 5wt%, Zn 
£ 0. 3 - 1 . O w t%&&. S, OMI^fh^n 
0. 0 0 5wt%*?SCC$fJRBL, 3 6CC0. 0 0 5- 
0. 3wt%Ag, 0. 01—0. 5wt%Mn, ^tl 
^tlO. 0 0 5 — 0. 2wt%£>Fe > Cr, 0. 05 
-2. Owt%Co, 0. 00 5 — 0. lwt%PCD4 1 
*6«hll*«:B2tHJ: 1 RZ?0. 005-0. 
lwt%Pb, 0. 0 05—0. 03wt%BiODll 
^/c(J2MilT0. 0 05wt%-2. Owt%$ 



(7) II3094045 

[ 0 0 0 1 ] 
[ 0 0 0 2] 

[ft*©S*l 

, »HMtH«*LfcC u -F e&&&, Cu-SnM^ s #<fflv^tltv^ 0 
li¥f (^ffl^-CiiSi* C u - Z W < f I ? *itv^^> ift 

f<BMfc*!*fc3 «b 3*i*$&#**^fcJ&> C u - z n##&-ctt&^*^ 
it. Cu-Fe^#^ Cu-SnMit1)M)Stlil^<^oTK^I)© 

[ 0 0 0 3] 
[ 0 0 0 4] 

i*LP,co«tL^5l^#14Sr?»^:i-«**t«fc LT, Cu-Ni-Si 
ftg $ ftTjo ») , Witf, #S BS 6 1 - 1 2 7 8 4 2 -^flbWO *ITV>& 0 

W?-<0 9 7TS* s #tl2 mm-e*& 0 9 0SW^I!)lmmT^J 0 4 0«^/M 
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— N i — S i -CliffltfgBfc* v 7^* { 4t&*#t#v> e J6*»«]#1ft'bra»-e 

-s i *^-ci*fti^M^>«ffltt^T!riiBa:jRa-c*4o 

[ 0 0 0 5 J 

Wxl^ #PBS 6 1 - 2 5 0 1 3 4 ^2:$^ #13^5 - 5 9 4 6 

it»ii^±-r4 to??, imrjnitea^iiu i8o° afiffl^ii»^4^t 

[ 0 0 0 6] 
[ 0 0 0 7] 

##^fi> ±I£|S®^^^-r* ^t, ±i*tUNi*l. 0-3. 5w 
t %. S i £ 0 . 2-0. 9wt%, Mg^O. 01-0. 2 0 w t %> Sn^ 
0. 0 5-1. 5wt%^ S, OttM&ZH-FtlO. 0 0 5wt%*iC 
•MRU n^C uRXf^mW^ffi.Wfrb**). Z<D&M,%Lfgtfl ttm*mZ- 2 

5 ft m&T^& &M&&xmmLtzm j m , m-£tett'?$> & 0 



(9) H13094045 

ttc, ±f&frk LTN i £ 1 . 0-3. 5 w t S i £ 0. 2 - 

0 . 9wt%, Mg$-0. 0 1- 0. 20wt%, Sn^O. 05-1. 5 w t 
96, Zn£0. 2-1. 5wt%^*, S, 0^*^^tt-rtLO. 0 0 5 wt 

[ 0 0 0 8] 

±I£<7)^^^, SfcfcA g, Mn. F e. Cr, Co, P 
<7) + ^^M^tLiat7tfi2fIJ^±^$t*-e0. 0 0 5 wt%-2. 0wt%^ 

:Mfcfl9fc«\ 3EB£55"i; LTN i * 1 . 0-3. 5wt%, S i £ 0. 2-0. 
9wt%, Mg^O. 01-0. 2 0 w t S n £ 0 . 05-1. 5wt 
fr, 3 S> 0 . 005-0. 3 w t % A g, 0. 01-0. 5wt %M n, Zti 
-etLO. 0 0 5 - 0. 2 wt%OFe> Cr> 0. 05-2. Owt%Co, 0 
. 0 0 5 - 0. 1 w t %P<7)*frhMtffl im.$tzl*2m)>*±&%&MXQ . 0 0 
5wt%~2. Owt%^<^ S, O^H&ZZtl^tl 0 . 0 0 5 w t 96*tS6fc. 

£ ±J&fri UNi*l. 0-3. 5 w t 96. S i £ 0. 2-0. 9wt 
M g £ 0 . 01-0. 2 0 w t %> S n £ 0 . 05-1. 5 w t Z n £ 
0. 2-1. 5 w t ?M:0. 0 0 5 -0. 3wt%Ag. 0. 01- 

0. 5 w t 96M n. Ztl^frO . 0 0 5 - 0. 2 w t %<7)F e, Cr, 0. 05 
-2. Owt%Co,'0. 0 0 5 - 0. 1 w t % PO + j&^Stfft l?i££fi 2 

M&±*B&xo. oo5wt%~2. owt%M> s, OM"*£*-*i-ett. 
o. o o 5 w t %*mizmm.L, mic uRut^m&o^mydfrh**) , z<o& 



(10) 0 9 4 0 4 5 

[ 0 0 0 9] 

tiz, ##Hfi, ±tZ<om&&te > HtPb, B i <Dim$ tzte2m*MM 
TO. 0 0 5 - 0. 1 3 w t %#tfC<t^#mi:-r?>^^Mfffe#-e*^o 

iifi-iLTNi ^1. 0-3. 5 w t Si£0. 2-0. 
9 w t %, Mg £ 0 . 01-0. 2 0 w t 96* S n £ 0 . 05-1. 5wt 

S £K 0 . 005-0. 1 w t % P b > 0. 005-0. 0 3 wtBi<Dl 
Ut £{i 2 0. 0 0 5 - 0. 1 3 wt%^^ S, 0#^T*^^tL>e 

tio. o o 5 w t %^mKmm.L, m%f>c uRzfyfssmmyfm^d^h^ ^ , 

t tz, 3E.Wuftt LTN i * 1 . 0-3. 5 w t %> S i £ 0 . 2-0. 9wt 
%% M g £r 0 . 01-0. 2 0 w t %> Sn^O. 05-1. 5 w t %* Z n £ 
0. 2-1. 5wt%^, ZhKO. 005-0. lwt%Pb, 0. 005 
-0. 0 3 w t B i <T> \1^ttz\t 2l*Ii-C0 . 0 0 5 - 0. 1 3wt%M 
> S, 0^*^>etL-PtLO. 0 0 5 wt%*iC$!lElL, i^CuSOTl 

fife l *: - 1 t -r z>mnm£tottx-& z 0 

[0010] 

ttz, ±.m<nM&&K, HCAg, Mn* Fe, Cr, Co, P<D*frhM 
ff*t im.t tzii 2ffim±, RVP B i <d imt £<i 2fi£sS&*-C0 . 005 
wt%~2. o w t 

^iftKfi, ±fiS;55-<fc LTN i £ 1 . 0-3. 5wt%> S i £ 0 . 2-0. 
9 w t %* Mg £ 0 . 01-0. 2 0 w t %. Sn5-0. 05-1. 5wt %^ 
fr, S£>^0. 005-0. 3wt%Ag. 0. 01-0. 5wt%Mn> 
-TtlO. 0 0 5 - 0 . 2wt%CFe> Cr> 0. 05-2. 0wt%Co, 0 
. 0 0 5 - 0. 1 w t %F<D*frhWtftlim.ttzte2m&±., S.^0. 00 5 
-0. lwt%Pb, 0. 005-0. 0 3 wtBiWiaJfcli2ffi*ftIU 
0. 0 0 5 wt%~2. 0 w t %#<^ S> O^iSr^ttWO . 0 0 5 wt 



(11) HS3 0 94 04 5 

t fc, ±J&frt LTN i * 1 . 0-3. 5 w t %, S i £ 0. 2-0. 9wt 
%^ M g £ 0. 01-0. 2 0 w t Sn^O. 05-1. 5 w t Z n £ 
0. 2-1. 5wt%**, ZbKO. 005-0. 3wt%Ag, 0. 01- 
0. 5wt%Mn> ^tt-etlO. 005-0. 2wt%coFe. Cr, 0. 05 
-2. 0wt%COs 0. 0 0 5 - 0. 1 w t %P<Z><PfrhMtfil lU$ fcfi 2 
ffiU±, S^O. 005-0. lwt%Pb> 0. 005-0. 0 3 wtB iff) 
lffif 7t^2ffi^r$f:*T-0. 0 0 5 wt%~2. Owt%t*, S, 0^£*£ 

^ti-ptto. oo5wt%*iciJiL, u^.^prii^^M^^«b^ o 

[001 1 ] 
[0012] 

[f^*i«)il] 

[0013] 

jaT^*#*w«rfc3H-»c*»t*«l^ojftfl-ISJ6a**Siili-*o 

CuCNitSi ^^t?*^tN i - S i fb#%*f£*K C*t*C utClf 



C12) HS3 0 94 04 5 

s i *{i^fth-r^>N i t s i mt&w&n \ , s i ffl-c**fc#x.i<>*i*fci& 

> N i fc«3S£S i ttt^i4. S i **«0. 2 w t %*tSST 

tN i M^ftv^t £ iRI#3te^4Sllflf*»*it*«TS4v» 0 flfrfcS i 
#*j&*0. 9 w t t # N i **«£v»»<fri: R«toMjHj&«£-f & 0 £F 

^ L < (i> Ni $-1. 7 - 2 . 8 w t 96, S i £ 0 . 4-0. 7 w t % KIRS'? 

[0 0 14] 

*»ffl#14<0<S^^t>tt, 0. 0 1 w t %&±T?&&&te£\,>lZF£\,* 0 
»fftDXl4o«^L^e>»i. ^HT»#0. 2 0 w t %*«A.*fcA»4lft»finXl4* 
tian-c&a 0 i©i ? ft«A**«S>> Mg^^rfgfflfio. o l-o. 
2 0 w t %fc#v>T.&itffc/'*9 ^Sr^To ffl »f iBX14(7)«g^ «t »J$f2 Lv> 
Mg^WfEfflfi, 0. 01-0. 1 w t 
[0 0 15] 

S n**Ditftifct J: ^ Aff4m»fiDXtt*«ofc4 *, «t«9JB* 

_hlHi«£*fc-?o Sn*ttliMgti:«)Ha^U4^ 0. 0 5-1. 5 
w t %T-&$f&#14^7 >*£^-?o 

Mg* ! 0. 0 1-0. 0 5wt%(7)l^i:it SniiO. 8-1 
. 5wt%WlL<, Mg« 5 0. 0 5 - 0. lwt%©t^t:ii, SnliO 



C13) Hg3 0 9 4 0 4 5 

. 0 5-0. 8 w t L^o 
[0016] 

Zn£0. 2-1. 5wt%, 0iL<ttO. 3-1. 0 w t t.C 
£»9, Mg^O. 2 0 w t % $XSGZi£Xi>$im±mm%:^l"<)\s<7)mif 

Zn£0. 2wt%, IfiLOiO. 3 w t %^t?*JiH s iHv> 0 
fT*,&§Jni'l££&#-f-&:7c|t£: Ltli, Pb, B i Pb, B i (i 

[0017] 

Mg, Sn, Z n^iWEH^RlSB t fcJS ft £fN£L£*> 5 , i*tf><05n 

a* 9 V*<DJMJ fr-^fcOttHW^ Mg:0. 05-0. 15wt%, S n : 0 
. 2-0. 5wt%, Zn : 0. 3-0. 8wt %T^S 0 
[0018] 

^K, Ag, Mn, Fe, Cr, Co, P <a^r*<3l£BS:ER5e LfcJffiftfcgt 
^-T&o Ag. Mn, Fe, Cr, Co, P fi, iBX1ft*3fc#-f* i v» ^ jStMH 
1RO«tB £*LTV> 4 >K Ag, Mn, Fe, Cr, Co, P<E>4»tf*S> 
«ffttl®f ^ ti 2 iftislX * 0 . 0 0 5 wt%~2. 0wt%^tH4^T 

[0019] 



(14) IS3094045 

«cfc *) , C u - N i - S i ±£-2 it &tzsbKW.*vm=7i : M 

«#o. 0 0 5 w t %*ffix*$>& tfoi#*«an.f, m^o. 3wt%^t 

t#t£±<7>Mf£iMifcv><i>e)<7X M^t &&<7)T% A g<7)Sig^ 
*liO. 0 0 5 - 0. 3w t %-C2b»J> i L< JiO. 0 0 5 - 0. lwt 

[ 0 0 2 0] 

Mn«U ttft*±#***i:rai*^ilfcBlinXtt*3fc#1-* 0. 0 
lwt%*?{ST$>l>t^^Vh?< > o. 5wt%^imtLt ) {), 

nW*JS^«SHJi, 0. 0 1-0. 5wt%-C*«K <£ «9 ft? 3: L < fi 0 . 03 
- 0 . 3 w t 96 & o 
[ 0 0 2 1 ] 

F e, C r JdU Si <t*S^U Fe-Si -fb-^i^. C r - S i ik&yo&M&L 
& S i Sr h 9 ? 7 U »«14*efc#i- 4 Fe-Si <k#», C r - 

s i ^%o\±m\&mtmm&^tzib, # < <?Mk^££j&$-£& ^ t immx* 

V> 0 0. 2 w t 96£jfelx.T t ffl^JUX'tt^-fkLT < itt^> 

OtS^^ib, F e > C r «"g-#-r&»#<Z>&lJD*«U 0. 005-0. 2wt% 

"C3>*k ^IfHOio. 005-0. iwt%^s 0 

[ 0 0 2 2] 

Coli, N i fcP5*fcS i Mk-£il«)£U ««&a&JK&|fia±3**<> C o 
fi, N i Kit L SAB "C* ^#^-C(iC u — N i — S i m^SrfOffi LT 
3* hmfc%f2tl2><OX~$>frli, C u - C o - S i ifc^C u - N i - C 

o-S i ltMLTU^ Cu-Co-S i &w%%)ffimz-ittzm&K, c 

u-Ni-s i^j: L?t^ti • 



(15) 111:3 0 94 04 5 

m,$i<D{zm l t&*i) % &n z ti&ffittK ttc, co-s \it&m\HR 

<DM&frh, C o ^^id-rs^^-co^^iJPifi, 0. 0 5-2. Owt%T-& 
[ 0 0 2 3] 

^tfgfflfi, 0. 0 0 5 - 0. lwt%-e*>»5, <£»9$?JL<li 0. 005-0 

. o 5 w t %-e&& 0 

&frhM* -e 0 . 0 0 5 - 2 . 0 w t % t L tz 0 
[ 0 0 2 4] 

Pb, B i <^#^*<^$£B£l&£L£3g&£|£^-r&o Pb, Bili, 
?T*>^^jQX'I4^a:#i-^> &<7>T% Pb, B i <7> m*tz\*2m* 0 . 0 0 5 - 
0. 13wt%Mnt<Ot*Uo 

o o 5 w t %^mx~$>2>Lmk&mt^&% o. 1 wt%$rM^T^jp-r^» 

t^Mt)DX'r4^^T$-€:-i>^<9'e^<, ft MDX'&^fc^-fb 0. 
0 0 5 - 0. 1 w t %&mMX~$) y) , J:t?$f$L<»i 0. 005-0. 05wt 
96 "*C$> & o 

b i i>n%m&m^'\£*&WT&m\\7tmr-$>2>o o . o o 5 w t %3tm-?$> 
%> t m^mm^^ s < > o . o 3 w t % zmz-xmwi-z tp bt mmwm 

'm&T*%~to ioTB i <7>M"M^%iffl&, 0. 0 0 5 - 0. 0 3 wt%tib 
»K <£ »9 3: L < fi 0 . 005-0. 0 2 wt%t^^ o 
[ 0 0 2 5] 

ZHhAg, Mn> Fe, Cr, Co, P^4 ] ^?>itfnit^Ji2i»± 



(16) 0 94 0 4 5 

, eaW*iflriro«jSl^e>j»*-CO. 0 0 5 - 2. 0wt%tU, 
[ 0 0 2 6] 

2^ S, 0^**0. 0 0 5 w t%*KtmWRLLfca**SiW«o 

Sli> SfcMjBXl4*S<k?*47nS-C*«9. fr^GM* 0 . 0 0 5wt%* 
iB f*MADX'ft£|n]±£«o #KS^££0. 0 0 2 w t 

0W\ ^©^lrl* J 0. 0 0 5 wt%£l±t*it, M gri'BMbSatTffilfflD 
Xl4* s ^k-r&o 0^** 0. 0 0 5wt%WT, #to. 0 0 2 w t %*i 

* i £ $rl^/iL/c(7)T^|. 0 
[0 0 2 7] 

i ^ mJUTT-& * t , wis &mmK &^xmtt&io%,<, m \f auxi^a* 

gU"b, ffltfinXf4tlM0#*S.l?1-o *£oT, &if|&j£tt 1 ft m^ix. 2 5 
^mtlTi: * * o 

[ 0 0 2 8] 



(17) m&3 0 94 0 4 5 

^^ffl^Kj&g L^-rv^-e. ^wimm^ffi^Bi^asr? 0 0-9 2 o*c 
-eft 1 4>w-e*So Sfc, ^j$JtJiiB**/i»t^<. 1 ot/sM« 

[ 0 0 2 9] 

<7)J: 9 KM&frhMt L<ti 460-53 0 VX-<7yfSkm^-mMX^i> 0 
[ 0 0 3 0] 

$ tz, ^MiDXm^W^alM (v§#-fk) $-7 0 0 - 9 2 0 Wft^, 2 h K 
^MjjDX ( 2 5 %AaT) ^ToTtf&K 4 2 0 - 5 5 0 t: W S&MSrfi 1 ? 

^Mjnxm^M B B B*3*a (-^^k) &7 o 0-9 2 orx^, ^hjp 

X ( 2 5 %J^T) . 4 2 0 - 5 5 Ot-CSlMI^tTo tz&K, %J£Jl 

X^iSLT&Htfc&^o iC0^^fi^#^<7)#^T^^>«^iDXtt^^k^^ 
^tilsbK, 2 5 %JilT^ni)fl 5 Ii Lv^o Mfc* M&<7>B#£iJ#kSf£<7> 



(18) 



HS3 0 94 04 5 



5hr, Mffll&f&^TlWi&telt 6 0 0 - 8 0 0 , C?>iB0t'e5 - 60s 

[ 0 0 3 1 ] 

[0 0 3 2] 
[«?!)] 



[ 0 0 3 3] 

*C/ s -eto&Astfo %&$L<r>*t-i X&mZ 3 0 mm, «S 1 0 0 mm, S?150m 
ct^ff^O. 2 5mmf:iBlU. £ $M*<t:**S 1 ft 

t\ 75 ot-c3 0 s <*>*y&a!**?v>, tt^fc 1 5tJ/s &±?)*&£Pi£JK-?$^ 



(19) mm:3 0 94 04 5 

A*L£fro£ 0 mmwkMte, traits h*c+-c 5 1 5tx2^M©»s^iL 

[ 0 0 3 4] 

W:&L?ztt-m^^>7VyyLX,&&%I.m*WlfcL, TS (5l?Il95iJ^) 
N/mm 2 . E 1 EC (mmm) 96IACS, fflHfllDX'14, S. R 

. r ofc:&**n*) %, sn^*«iit, tt*>ik&'\$ib LT&Mm&m (%) 

[ 0 0 3 5] 

^fij^ iP*>2£fII*l<7)*£ J I S HO 5 0 1 Jfc«!8c£$U»r8: 

J ISZ 2 2 4 1 T, Sfe • *A©fi»ftt*t«fc LT, J I 

S H O 5 0 5 fcijSCTiMSSLfco 
[ 0 0 3 6] 

ffllfjDX'ffiOMfi, rtiaiJffitf¥#^0R<7) 1 8 0° 2&irffl»f Sr^Tofco ff«B 
A. L>b££<&ffiF 

E. WffiK????&m&Zfl2> 
<D 5 S Tff « U > M C JSlJt * *ffl±MHO*RV^ #U »f L fe. 
[ 0 0 3 7] 

^^#14<7)ifffi{i. H $l^*Hf ^I^»-e* ^ E M A S - 3 0 0 
3 fcS£»&LTf?ofco r^tm/n^^ifflL, M**tS;*7 4 5 0 
N/mm 2 J: o fc*flfJ£#*RSgU 1 5 0 'CcTMlSIf -efsSlfc'MTo fc„ 

|4-|6i:ii;, 1 OOOhr^MW (S. R. R)-C^L£ 0 
[ 0 0 3 8] 

J5*«5BIo«^ft<oM'«F^'>'Dy^fenov>T. mi (a) (b) (c) K 



(20) *»3 004045 

7F-f 0 mi (a) i*m%m, (b) amwrn-c^y), M&&tftett<o*r )i< ( 
i) <D--x\mi3 (2) Kun^tf o) x-nm-tbtkmKS&L, t^-^i^ 

n-y^ (4) CJ:H>y;i/ (l) o (#Jffl£;b<^te) 

K-r& 0 ico^il-e-y-^y^ (l) 5Ot)(:0Tgi$H (#*iS0iJ-r{i l o o 

o h r ) xmT&o mfcmmmMfe, mi ( c ) (Dm^m^^-r x ? k> ? 
^ (4) m^tztf.m'cv&frs t (7icx^^<^^) £7HJ5eu mttmm 
m (%) «^T^i6^o 

(96) = (it/io) X100 
M/cto^fim. gffi#*j££^£<7>fil (4 5 0N/mm ! ) fcfc 

2>xi, ^>?m. mmmfrt>¥tn-r2>i><7)-e$>& mn^m^EMA s- 3 0 

0 3CJ:S) o 

[ 0 0 3 9] 

S y *<Dljmmffi'm*, 1 ^nKD^tlRS * *£jfcl,fcSW&fi-£ 1 5 0 
"Cx 1 0 0 omffl<D*%j)m* UT^?>, l 8 Of (0^*[ffi(f, jsJr^fitHfliL 

[ 0 0 4 0] 

n*>ik%'mt, <kM (SKDI im tlT^tlMi (lmmX5mm^?L 
£fH it^ck <9f^fco f LT5 0 0 lHl^fel 0 0 0 0@iO 
fT*>$§#^£> 2 0^it#^^^aiL^+)->7°^^JT*>fe^W^«^LT^»f^ 
<7X?$£$J5eL£o ^4 ~ 6 (C(i^M-oJ?$HM-r^?i®f$l5c7>)¥^OiiJ-^0^ 

/^'JSiJfeHov>T^I^#lw, 5 0 0 1 ®B^tb 1 0 0 0 0 [H BcotT 53- 

2 o#fc#^^^mu^^^7 o ^cD/^vo^$^^fe6^:B^iiiJ^T^«6, 
[Hi] 



(21) 
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Ho 


Nl 


SI 


Mt 


Sn 


Zn 


5 


0 


-tcr>fS 






1 


1. 5 


a 34 


o.or 


0. 81 


0. 49 


0. 002 


0. 00! 








2 


1. 9 


a 48 


0.03 


0. 30 


0.48 


a 0€i 


a. oo! 








1 


J. S 


0. 60 


0.08 


0. 30 


0. 49 


0. 00! 


0.001 




f 


« 


4 


3.0 


0.75 


0.07 


0. 31 


J. 50 


0. 002 


0. 001 




r 




S 


2.0 


Q. 48 


0.04 


0. 30 


0 so 


0. 002 


0.001 




» 




6 


1. S 


0. 4B 


0.03 


0. 66 


0. 49 


a. oo? 


0. OOJ 








7 


z.o 


0. 41 


D.0S 


0. 87 


0. 5D 


0. OOJ 


0. 001 




r 




8 


2.0 


0.46 


a is 


0. 29 


0. 09 


0 DC! 


0. 001 




-J 




9 


7.0 


0.47 


a is 


a so 


1. 10 


0. 002 


0.001 




T 




10 


2.0 


0. 48 


0.03 


0. 30 


1. 07 


0. 002 


0.001 








1) 


J. 8 


0. 40 


0.04 


0.87 


Qt ID 


0. 00! 


0.001 








12 


2.0 


0.48 


0.07 


0. 85 


1. 10 


0. 002 


0. 001 








11 


1. 5 


0.47 


0.08 


a 33 


£>. so 


0. 002 


0.001 


CoO. 5 






14 


1. 0 


0.48 


0.08 


0. 11 


0. 49 


a 002 


0.001 


CoO. I 






15 


2.0 


0. 4B 


0.08 


0. 32 


0.49 


0 002 


0.001 


AgO. 03 






16 


10 


0. 46 


O.OT 


0. 12 


DL 49 


D- 002 


a. ooi 


PbO.03 






17 


2.0 


0. 47 


0.08 


0. 33 


0. 50 


a 002 


0. 001 


CrO. 007 






IK 


1. 9 


Q. 48 


0. 07 


0. 32 


0. 49 


a 002 


0.001 








19 


2.0 


0.48 


0. 05 


0. 33 


0. 49 


0. DO! 


0. 001 








20 


2.0 


0. 48 


0.08 


0. 33 


0. 50 


a 002 


0.0D1 








21 


I. S 


0. 48 


0.08 


0.81 


ft 50 


a DO! 


0. 001 







2] 





Hd 


Ni 


SI 


Ui 


Sn 


2a 


S 


0 








22 


0.8 


0.18 


a 08 


1 84 


0.80 


1002 


0. 001 






ft 


23 


3. 8 


9. 95 


a 08 


133 


0 49 


1002 


0.001 






m 


24 


to 


147 


0. 003 


0.33 


0. 49 


0. OOJ 


0. 001 








25 


2.0 


0. 48 


a aoz 


199 


0. 50 


1002 


0.001 








28 


1.9 


141 


a 25 


0.33 


J. 25 


0.002 


0.001 








27 


2.0 


148 


a 08 


1002 


a 50 


1002 


0.001 








28 


lo 


0. 48 


0. 08 


2.04 


a 50 


1002 


1001 








29 


!. i 


0. 41 


0.O8 


131 


5 09 


0.002 


1 001 








3D 


1.0 


a 47 


107 


133 


a 49 


0.00! 


1 001 








31 


1.9 


0. 48 


0. 08 


132 


a 48 


0.002 


1001 


PM) 25 






32 


1. 9 


0. 4S 


D. 09 


0. 33 


0.49 


0.011 


0.001 








33 


2.0 


0 48 


0.08 


0. 32 


9 50 


D. 002 


1007 








34 


2.0 


0.4? 


108 


131 


9. SO 


0. 002 


1081 








25 


2.0 


0.48 


0.08 


0. 32 


149 


a oo! 


1081 




30 



3] 





No 


Ni 


Si 


H 


So 


2d 


S 


0 








36 


2.0 


0.47 


0.07 


0.002 


a 49 


0.OO2 


0.001 


CrO. 10 


5 


it 


37 


1.9 


0.48 


0.08 


0. 001 


D.4& 


(5.002 


0.001 


KdO.SO 






38 


2.0 


0.48 


0.08 


0. 002 


0.50 


0. 002 


0.001 


BO. 008 






39 


2.0 


0. 47 


0. 08 


0. 001 


0. 50 


0. 002 


0.001 


All 50 






4D 


2.0 


0. 48 


108 


0.001 


0. 5D 


1092 


0.001 
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